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is dominated by the two large WECS proto- 
from Karlskronavarvet AB and KaMeWa AB 
The units will be erected with the 


all and Sydkraft utilities acting as operating agents for 
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The first rotation of the units will occur in the 1981-82 period. 
An extensive testing and evaluation program will be carried out 
to form the basis for a planned long range Parliamentary decision 
in 1985 on the use of wind power in Sweden. Possibly one or more 
demonstration group (5-10 units) might be planned within the 
period. (Fig 3). 



















The installation to be sited includes, besides the WECS prototype, 
a meteorological mast and an information building with facilities 
for visitors. (Fig 4). 














2. General description of the areas 












The areas chosen - South Skane and South West Gotland - were selected 
mainly due to the good availability of wind energy. (Fig 5). The 
median wind speeds in these areas (around 8 m/s at 100 m height) 

are the best for land areas in Sweden. The land is open, flat and 
with little vegetation except for grass and crops. The areas are 

part of the normal distribution regions for Sydkraft and Vattenfall 
respectively. 




















The Karlskronavarvet unit will be built at Maglarp in the southern- 
most region of the province of SkÂne in South Sweden (fig 6). This 

is a heavily populated wealthy farm area containing some of the best 
farmland in Europe. However, the wind power plant site has a medium 
classification from a soil condition standpoint. 












Since the site is situated close to the seashore (2 km), and due to 
the strategic situation of Skane, special considerations had to be 
given to the militery. 








The electrical gria is s:rong in the south and southwest parts of 
Skane. 












The island of Gotland in the Baltic is also a farm area, although 
very different from Skane. 















The soil conditions are often very bad, with Sparse grass for sheep 


grazing as the only possible means of utilization in many areas 
(fig 7). 














The island (3 170 km?) has only about 50 000 inhabitants. 







For many years the population was slightly declining due to the 
diminishing demand for labour in agriculture, but after the 
establishment of some industries in the island "capital" of Visby, 
and an extension of the cement industry, the population seems to 
have stabilized. 
The electrical grid is fairly weak on Gotland. The main energy 
production is by large (12 and 19 MW) diesels, some of them used for 
en al nm w 1 the mainland of Sweden. 
Shortly aftei the nuclear referendum last spring, however, it was 
decided to build a MW cable link. Thus Gotland to a great extent 
will be integrated e ectrically with the rest of Sweden, which will 
make it possible to build comparatively large installations of wind 
power in the future. | 


Another important societal factor is that there is a w power 
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Due to the time needed for the county administration 
project, the building permit had to be devided into 
approvals: met mast, information buiiding and WECS p 
ing a control building. 


In June 1979 the planning board (byggnadsnämnden) at 
municipality declared that it would not oppose crect 
tyne at Maglarp. At the same time the county adminis 
final permits to erect the 120 m meteorological mast 
the Skáne county member of the siting group, the coul 
tion had decided to approve the whole installation, | 
county antiquarian could influence the appearance of 
the planned information building. This influence resi 
rejected designs. The final approval of the project . 
Nature Conservancy Law (Naturvardslagen) was obtaine 
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wards, on May 13. The τ 1 Lc inf l ' frire 
Ir L. LT 1 - The prefabricated information building was erected 
E. ., τας For the opening of the exhibition in June 1980. About 
22 visitors a day visited the site last summer 


In late June 1979 
j Jut /9 the governme 201 - ¿ αυ T 
Karlskronavarv ; ernment approved the NE decision to choose 
onavarvet as the contractor for the Maglarp unit 
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routine measurements st: ‘url | | 
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campains ind might serve as a final check-point of the technical 
assumptions for the design. | 
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The governor of Gotland was well informed about the project. Indeed 
Ñ , “ ' m . à — - . : ' 
he had acted since 1976 to make the island "a testing ground for 
E sunl W | | " ; Tu | 
wind power and at an earl« stage got ministers to put this on paper. 


Possible sites were investigated by car in May 1978. Besides the 
already known Ygne site close to Visby, three more sites wave 
identified. During discussions at a joint meeting with the countv 
administration and the municipaiity in September, the number of ` 
Sites was reduced to two. The Ygne site might be used for a single 
installation, but since the area was plaur.cd for urbanization, it 

was not suitable tor a group. Thus it was not recommendable ανν 
to the municipality officials. Another site was descarded for nature 


conse:vancy reasons. The remaining two - Eksta and Násudden - looked 
promising. 


The people at Násudden even had asked for the prototype, according 
to a county official. This desolate area with a diminishing population 
wanted to get job opportunities, out of the wind. 


The pilot baloon wind measurements during the fall of 1978 demonstrated 
that Násudden was the best alternative. It was therefore recommended 
by the siting group at their January 1979 meeting. 


In February 1979 an information meeting was arranged for the people 
living in the Nàsudden area. The governor opened the meeting. The 
attitude was still positive, but the possibility of getting a compen- 
sation arose: the last 7 km of the road to the point of land called 
Násuddon was narrow and in a bad state. This problem engaged both the 
governor and the director general of the Swedish road administration 
(Vàgverket) before it was finally settled to the benefit of the people 
at Ndsudden. Questions arose as to possible tv-interference and noise 
but not in respect to landscape intrusion or birds. Later in the spring 
a public meeting was arranged, preceded by a brochure that was distri- 
buted to all Gotland households. 


Generally the attitude of the Gotland officials is very p sitive and 
helpful. The county antiquarian (länsantikvarien) for example, 1s 
actively engaged in working for the introduction of wind power. 
Gotland's Historical Museum which normally displays a permanent 
antique exhibition arranged a special wind power exhibition. The 
planning board insists that the information building and permanent 
exhibition at the prototype site shall open in May 1981. At least 
three parties are interested in leasing the rights for a coffee shop 
in the building. For the moment a coffee shop is not being planned 
since health care regulations make it economically unfeasible due to 
the installations needed. The tourist organization supports the plans 
for the WECS prototype because it will give the island vet another 


excursion point. 


The planning department of the county administration had very precise 
ideas about what sort cf building that would suit the landscape. Since 
Vattenfall had engaged their own architect in this project, it was 

easy to make the drawings accordingly. There has not been any objection 


to the prototype design so far. 


The main landowner (the church) demonstrated its willingness to support 
the project from the beginning. The met mast is erected on land leased 
from a farmer who is now engaged for the supervision of the site. The 

local LRF district also supports the project. The military have raised 


no objections. 


The government finally approved the NE decision to choose KaMeWa as 
contractor in September 1979. The construction at the site will start 
during the winter of 1980/81 and first rotation is expected in May 
1982. | 


Achnowledgements: 





Mr Bertil 2:sson, Sydkraft, and Mr Gunnar Grusell, Vattenfall, who 
managed the siting work within their respective utilities, have 
contributed valuable first-hand impressions from their siting ex- 
periences. Mr Sven Hugosson, AIB, who acted as chairman in the 
siting group, contributed with his experiences. Mr Stig Wigstrand, 
Teleplan, provided crucial assistenace in compiling the information. 


Reterences: 





Lokalisering av vindkraft (Siting of wind pover). In Swedish. 
Vattenfall, El- och v.rmeteknik, 1977. 


Vindenergi 1 Sverige (Wind power in Sweden), NE 1977:4. In 
Swedish, English summary, (Ref, 1 is summarized). 


Fig 1. 





A model of the Karlskronavarvet WTS-3 WECS 


the Maglarp site. 


prototype at 








For reostrophic wind speeds smaller than about 15 m/s we would | | de Vries, ©.: Fluid dynamic aspects of wind enerry conversion, 
| G ARDoec rap: No, 213, 1979, 


Wiin-Nielsen,A.: Dynamic meteorolory. Compendium of Me'eorology, 
Vol.1,Part!, WMO No.3604, Genf,1973. 


units 


PROTOTYPE SITE 
Principal Lay- Out 


individual 








The 


Main Road 


FINLAND 





Access Road 


farthest 4 000 m. 
Median annual wind 
velocity at 100 m 

«πο § m/s 

ν 9 m/s 


Parking 


Energy production 65 million kWh per year when 


is 600 m and to the 


Prototype 


Information 2 
Building — 200 m 


in relation to windy areas i Sweden. 


200 — 300 m 


Switching — Trafo 
< (Control Building) 


WPU Prototype 
200 — 300 m < / 


ό 





SWEDEN 
> 
type 


Ma 
` 


| 
J 


Fig 6. A phe 
Magl: 





O 


P 
Copenhagen 
Tam 


The location of the WECS prototypes 


Lf 


100 150 km 
NORWAY 
GothenbuWM 
DENMARK 


Q 
` Meteorological Measurement Mast 


120 m (Skàne) 
150 m (Gutland) 
Instrumented at 6 Levels 


50 





V 


Fig 5. 


PROTOTYPE SITING 


| 





Fig 2. A model of the KaMeWa WECS prototype at the Násudden site. 





Fig 4. The principal lay-out for the prototype sites. 
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Anders füost /—————— 
The windmill influence on environment. 





THE INFLUENCE OF ENVIRONMENTAL ASPECTS ON THE SITING OF LS WECS. A windmill in function is influencing the environment in several 








ways. The most important aspects are the following: 


| k. ὢ | i 
The National Agency for Physical Planning of Denmark is about to Visual affect on the landscape 


| i | 
complete a study on the siting of 1.000 - 2.000 windmills. The Birds’ collision 


Accidents caused 


by windmill average 


purpose of the study is 


to highlight possible problems connected 


| Tw x" Noise 
with the siting of such great number of mills. 


Interference with telecommunications 





The Danish wind resources. 





A. Visual affect on the landscape. 





A good knowledge cf the Danish wind resources is the important 


| s When siting windmills in most attractive areas (with most wind 
basis of this work. It is important for two reasons: 


energy), the mills are visible on a very long distance owing to 


- firstly, it is necessary to know the availability of square | | | 
di s "T ^ 3 tne open landscape. Our investigations state that the windmills 





kilometres with a good wind energy | | | | 
, m 3Y: near Nibe in clear weather are seen up to a distance of 5 - 6 a à 


- secondly, i is decisive to kno h jf landscape in kKilometeres, and a cluster of mills will therefore, have a p^ 
which the mills to } sited ) to describe the massive affect on the landscape. 
conflicts. | i . 
i These aspects have been studied by taking photos of different 
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The survey of the 1 wind resources is made by considering landscapes and from these photos drawings have been made with rnis illustration show windmi 
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ku ; b TE patt and are not subordinated dominating 
most other countries, throuah large number of wind measurements. pattern and are not , f l I 3 


° ° * * ` ` ` Ç ] . 
The Danish procedure is based on the fact that all over the country 'ancscepe. 
in a heignt of 500 - 1.000 metres above earth, Denmark has, stati- 


Sticly seen, the same amount of wind energy. On the surface, the | The first siting cf windmills seen the 


diiierencies in the wind energy is caused by the variating 1: | y Decause the windmills emphasize the endles 
Scape which is more or less braking the wind. We are talking about κα | | 
The siting in the second area gives great 


the roughness of the landscape. In Denmark, the number of houses 
structure of the landscape dissapears comp 


and trees are decisive for the roughness of the landscape. | | | | . 
time, the great dimensions of the windmill 
On the basis of maps containing exactly this kind of information, | houses and trees. 


Denmark is devided into 4 groups of landscapes of which the rough- | i 
On account of this study, the windmills mu 


ness and thereby the wind energy is defined. 
open areas. Unfortunately, these areas are 
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From the definitions it turns out that a certain type of land- | i 1! the 2.000 windmills can be sited there, an 
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B. Birds' collision. 





There exists quite a lot of knowledge about birds' collision with 
lighthouses, radio towers and highvoltage lines. It is known that 
the birds hit these elements which they have not observed during 

their flight. To escape collision, the different elements must be 


visible to the birds. 


It is also known that the birds' migration routes lay in the 
areas with the highest wind energy. Further, that their flying 


hight in strong wind coincides with the hight of windmills. 


How much this knowledge shall influate on windmills - their con- 
struction and siting - is an open question as no studies have 


been made about birds' collision with windmills. 


However, until these studies are made, the Danish bird experts 
wili look upon windmills the same way they look upon radio towers 
etc. And they will not allow windmills sited in areas where 


habitats of birds exist. 


C. The risk of a windmill average. 





The wing of a windmill may break during the running of the mill. 


Mr. Maribo Petersen has made some calculations concerning the 
risk of damages on buildings and human beings. There will be 


given an account c* these calculations later on the meeting. 


Here, I shall oniy mention that, as per the said calculations, 
part of a wing may be thrown up to 700 metres away from the mill. 
This means that within this distance damages may occur to 


buildings and human beings. 


In Denmark, only few areas around windmills can be kept clear 
of buildings up to the said distance. Therefore, damages may 


OCCur. 


There is no Danish legistation about these problems which are 
new and can find their solution only through a political inter- 


ference. We have, therefore tackled the problem from another 


view to which I shall revert. 


D. Acoustic noise. 





We all know that running windmills send out noise, a noise which 


is audible up to hundreds of metres away. Measurings show that 


the noise is at its maximum in the sheltered side of the mill. 
Moreover, that it is particularly a question of noise coming 


from the wings. 


As the Danish legislation stipulates 40 dB(A) as the maximum of 
noise near habitation, the noise from the windmills may represent 


quite a problem. 


The noise limit mentioned above must be taken into consideration 
when siting windmills. Measurings made on a quite old windmill 
show that probably a distance of some hundred metres from 
habitation must be observed. Other measurings are planned to 


make clear whether this noise limit is observed. 


E. Radio disturbances - atmospherics. 





Interference with telecommunications originating from windmills 
influate on all sorts of radio communication. Most important is 
the influence on the television. It is said that all other 
problems can be coped with, but if the reception of the television 


is deteriorated, people shall renounce on windmills. 


However, measurings up to now only show small interference from 
mills with wings made of fibre glass - interference which can be 
eliminated through small and less expensive improvements of the 


aerial television receiving set. 


This is the reason why we are not considering these problems a 


vital argument against the siting of windmills. 


Existing and planned landuse in windmill areas. 





The environmental effects from windmills will create conflicts 
in many parts of Denmark. To obtain a survey on the importance 
of the effects, it is necessary to look into the existing and 


planned landuse or interests connected to certain areas. The 


. 


most important areas are: 


- built-up areas 
- habitats of birds 


- areas with preserving interests. 


As mentioned before, no precise knowledge exists as to the minimum 
distance of windmills from built-up areas. We have, therefore, 
chosen to show what is the maximum distance when siting 2.000 
windmills in Denmark. Maps have been worked out for the different 


types of agricultural areas: 
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windmills 


other 


minimum 300 m from farms and 


a distance of more than 300 m 


limited. 


safety on windmills and if new 
windmills show that a distance of 300 m is 


necessary to build better windmills with a 


a maximum of wing safety. 





Denmark has many habitats of birds and most of these habitats 
are located in the areas with the best wind energy. It will 
therefore have a decisive influence on the possibilities of 
windmill siting, if all the bird habitats cannot be used for 


this purpose. 


Denmark is a small country and rather densely populated. There- 
fore, it has been necessary to make lans and laws to secure 
that the whole country does not become suburbs and industriel 
areas. These plans and laws define most agricultural and other 


Open areas as areas to be preserved. 


This slide shows a map made by the National Agency for the 
Protection of Nature. The three different colours indicate the 


importance of the Agency's interest in preservation. 


It is clear that these interests will limit the possibilities 
of windmill siting severely. To give you an impression of how 
much the reduction in windmill areas are, I will show 3 siting 


models in a small part of Denmark. 


COUNTY OF STORSTRØM 





OVERVIEW OF WECS POSSIBLE TO SITE IN AREAS OF 
ENERGYCLASS A AND B 


SITUATION 4 | SITUATION 2 | SITUATION $ 





ENERGY-CLASS A 





AREA 


km £ 


% of total area. | 


34 








NUMBER OF WECS 





I 113 1967 
II 52 IOE 





ENERGY PRODUCTION 
GWh / year I 296 4506 
GWh/year II 136 2080 














I: MINIMUMDISTANCE TO BUILDINGS 


I 


Situation 1: No consideration of other interests. 


Situation 2: No siting of windmills in birds habitats, recreation 


areas, military areas etc. 


Situation 3: All interest into consideration. 


The Survey of Suitable Regions for the 
Erection of Large Scale Wind Energy Converters 


in the Federal Republic of Germany 





Many areas in the Federal Republic of Germany, especially 
in the coastal regions of the North Sea, are meteorologi- 
cally suitable for the location of wind energy converters. 
It is known that various influences restrict these areas, 
put no concrete data about the real usable wind potential 


are at present available. 


Therefore the Kernforschungsanlage Jülich on behalf of the 
Bundesministerium für Forschung und Technologie (BMFT) has 
invited Lahmeyer International GmbH, Frankfurt/Main, to 
make a study about the real suitability of regions for 


the erection of large scale wind energy converters. 


This paper briefly describes the scope of the study to 


be performed. 


For the evaluation of the usable wind potential, the in- 
fluences which restrict the suitable areas for converters 
will be investigated. The remaining areas which are still 
suitable for large scale wind energy converters are to be 
determined. These areas will be thoroughly scrutinized. 
The erection of wind power plants in the range of MW as 
well as the erection of interconnected networks will be 


Studied. 


ascertain the re.l potential of wind energy for large 


scale wind energy converters which can be used. 


The study will start in 1981 and its duration will be of 


approximately two years. 
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| the Federal Republic of Germany, 
the coastal regions of the North 
ible for the location of large scale 
(inverters from the meteorological 
Therefore it can be expected that 
ly conversion can give a noticeable 
O the energy supply. Unfortunately, 
iÉnces restrict these areas. The scope 
frictions is not yet known, so that at 
tative statements about the signifi- 
energy conversion in the Federal 


'rmany are not possible. 


Kernforschungsanlage Jülich on behalf of the 
‘ium für Forschung und Technologie (BMFT) has 
‘er International GmbH, Frankfurt/Main, to 


bout: 


Suitable Regions for the Erection of 





nd Energy Converters in the Federal 





rmany. 


l start at the beginning of 1981 and 


hall be of approximately two years. 


efly describes the scope of the study 
d. 


ile wind energy converters in the range 
'onsidered for such a study, since small 
not contribute significantly to cover- 
juirements and in addition do not raise 


ms concerning their erection. 


for example, which has a rated power 


|, will be used as a standard size for 


The investigations tc be carried out in the study will 
be extended to the off-shore areas of the German North 
Sea. This is meaningful from the meteorological point 
of view and also possible because of only minor en- 
vironmental restrictions. Anyhow in this study, the 
special technical problems of off-shore plants con- 
cerning the erection for example will only slightly 

be touched upon in respect to duration and scope of 


the study. 


On the basis of areas limited by meteorological reasons 


the rescrictions by various influences will be evaluated 


and the remaining areas which are suitable for large 


scale wind energy converters will be listed. 


The aim of this study will be to obtain a clear state- 
ment concerning the wind energy potential which can be 
used by large scale converters in the Federal Republic 


of Germany. 


Content of the Study 





Areas with Adequate Wind Characteristics 








A basis for the study shall be the report of the 
German Weather Service with the title "Wind Condi- 
tions in the Federal Republic of Germany in View of 
the Wind Power Utilisation" (2). Only areas with 
wind velocities above approximately 5 m/s at 10 m 
above ground as per attached figure 1 will be inter- 
esting for examination in the study. Therefore a 


meteorological data collection and compilation 


will be performed. 





— 
_ 


stration show a great number of windmills sited in two 


. ~ a 4.4 -- 


iz a very open and flat area. 


— 


39 
These data will be scrutinized in view to the use Then this basis will be subject to analysis in order to the coastal regions with lower wind velocities. Ir - routes of electric lines, transfoi 
of wind power. The result will form the wind data to check the completeness and the suitability for the The study will also refer to some small territories - bird migration routes 
λες hich dill coütáin informátion such âè further stages of the study. in the German highlands which will prove suitable - radio links, microwave highways 
for the purpose. These areas in Germany suitable - pipelines 
measuring stations, descriptions One result may be that the evaluation of additional from the meteorological point of view are | - airports, low level flight areas 
orographic data, general meteorological data measurement data from ground stations in the respec- limited by various influences. The evaluation - sailing lines, courses of ships. 
atmospheric diffusion and thermal lamination tive areas or data of measurements of tower stations | of these influences will be performed by the 
geostrophic wind conditions will be recommended. Another result may be that short- method of elimination of non-suitable sites. Furthermore the areas of protected : 
ubidiai and averages of wi time measurements for the synthetizing of existing | Therefore a catalogue of criteria will at first be regions are to be excluded such as: 
vm ores ee long-time measurements or special measurements on TV i compiled. 
αλλ κκ, οὐ δι οἱ ση Or cooling towers, e.g. for additional information - nature reserves 
temboral ὙΜΉΝ about wind distribution, change of the wind di | In addition present day planning policy on - parks 
i vertical components, etc. will be recommended. governmental and regional decision levels with - woodlands 
influences ranging into the future will be con- - military areas, e.g. troop trainir 
1 | ane | The next stage will be the calc n « -he gro | sidered. 
A arid will be nlac: 
of attributes Mh as wins energy potential in the lo boundary layer | When all the criteria are selected : 
as well as the ascertainment ot temi inf lu : The criteria for sites which obviously are not will be subject to an evaluation. F« 
ences. à; | suitable are: the special requirements of wind pov 


- orographic 


garding their site will be considere 
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attrinpuctt. - 








sea coordina In areas with complex terrain, for in the residential districts, sport facilities and of these criteria it will be possib) 
- Loc -OOrGdinadt 
| 41 highlands, only upper limits of available wind others evaluation of each single site and : 
- meteorological] 
— i ih Ë gy wili be calculated, because the theore 1 | industrial and trade areas. | nate the fundamentally not suitable 
- measuring stat 
for the determination of the ave 
Ollection probablv will have and the spectrum of bulence do not yield result In addition the following areas for example are The next step will be the investigat 
- > A VES - ΧΡ i Qai ) wae & ὦ LiG VEE i 
| : l € wind ν να. 34 (In. : _ i : 
relevant information about adequate for wind : not suitable for the use of wind power: Suitable areas because of the follov 
which enable a more detailed evaluat 
N l | - streets, roads includin arking places | example: 
of wind velocities | I | I í 3 P ) p P 
Determination of the Areas Suitable for - water ways including ports 
Scale Wind Energy Converters s - railways with stations - topographical features regarding t 
; ditions 
| The evaluation of suitable areas will start in | - minimum space required for the st: 
- vertical extrapolation, etc. 
the off-shore arees of the Cerman North Sea | - location regarding the electric ne 
with the highest wind velocities from 10 3 | - infrastructure such as roads, wate 


to 200 m above ground und be then extended sewage, telephone connnections 


- adequate foundation conditions. 
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The results will be inscribed in suitable maps and 
the determined areas will be characterized with 
their important qualities in a clear catalogue, 
to enable a classification of the stations and/ 


Or areas for stations. 


Several areas which were desk evaluated will then 
be inspected in order to clarify if their real 
qualities are in accordance with the evaluated 
ones. It will depend on the results of the study 
if a location for one plant or whole regions will 
be inspected. When results are known, a decision 
can be reached if photos made by satellite or in- 
spection from the air of the respective large 
areas are necessary for evaluating wind power 


plant sites. 


Detailed Evaluation of the Gross Wind Energy 





Potential in Selected Suitable Areas 





The present meteorological data will be critically 
and thoroughly checked concerning their use as a 
basis for quantitative data about the gross wind 


energy potential in selected suitable areas. 


The wind data basis will be completed to obtain 
more information about boundary layer, scatterinoc 
of wind velocities, turbulence coefficient, dis- 
tribution of wind velocities in micro-areas, etc. 
The aim of this stage of the study will be to 
ascertain the gross wind energy potential and the 
gross performance data in the boundary layer up to 
approximately 200 m above ground in selected 


characteristic areas. 


Catalogue of Wind Energy Converters to be 





Considered 





In order to determine the limits cf the potential 
wHich is really usable for wind energy converters 
it will be necessary to analyse the design and 
technical characteristics of wind energy converters 
which will be available at the time of the study. 
Furthermore, development trends should a!so be 
considered for the determination of power plants 

in the MW range, so that statements for the usable 
potential of wind power can be made, which will be 
still valid when the erection of the wind power 


plant might be realised. 


For this analysis the following criteria will mainly 


be scrutinized: 


size of the units 

design and overall dimensions 

construction model 

plant layout 

power characteristics 

control characteristics 

area required 

geological requirements 

environmental disturbances 

operation safety 

availability of the plant 

periods of maintenance 

present regulations and regulations to be expected 
(environmental reasons for example) concerning wind 


energy converters. 


3.5 Determination of Wind Energy Converters in the 





Range of MW Suitable for the Evaluated Areas 





There are various criteria for establishing plant 
types and sizes adequate for different areas. Depend- 
ing on the plant, the topographical conditions and, 
for example, the infrastructure as well as the layout 
of the network, different plant designs will be nec- 


essary. 


The location of converters in the suitable areas will 
be ascertained. Furthermore the connections to the 
network will be proposed. In respect to the specific 
converter data the usable wind potential will be as- 
certained under consideration of the results of the 


preceding parts of the study. 


Three typical areas as examples will be scrutinized. 
For these, off-shore, coastal, and highland areas, 
typical specific plant data including the real usable 
wind potential will be determined. The results will be 
transferred to plants with similar conditions in the 


Same region. 


Interconnected Networks for Wind Power Plants 





On the basis of preliminary investigations the areas 
which are large enough for the compound location of 
wind energy converters are not very numerous in the 


Federal Republic of Germany. If the areas are large, 


the total usable wind potential will be approximately 


the sum of the usable wind potential of the single 
units. If a concentric arrangement is chosen and the 


available space is restricted, the total useful 


potential will be c5nsiderably diminished. Therefore 
an optimisation of the arrangemen* of wind energy 


converters might be necessary. 


Data of the networks will be collected in the respec- 
tive areas in cooperation with the utilities operating 
in the area. Networks which are in the construction or 


planning stages will also be considered. 


The relevant data of the power generation by converters 
will be compiled. This compilation contains the number 
of wind power stations, their geographical location 

in the investigated area, the rated power, the voltage 


level, etc. 


The characteristic wind power generation of intercon- 


nected stations will be ascertained such as 


- yearly power generation 
- variation of the yearly power generation 
- seasonal performance duration curves 


- yearly performance duration curves. 


The reduction of the usable wind potential and the 
influence on the performance characteristics will be 


estimated devending on (besides converter design): 


arrangement density of the wind converters 
energy dissipation 
typical arrangement of converters 


wind direction. 


A summarising demonstration of the potential usable 
for the wind converters will be performed. In addition 


configurations of the interconnected grids will be 


proposed. 











the study ( 
The study will start in 1981 and its duration will be of 


approximately two years. 
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Figure 1: Mean average of the year of the wind velocity 
üo (m/s) for 10 m above ground level quoted 


from reference 1 References 
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1. INTRODUCTION 





The risk of damage, especially on persons, caused by an operating 
rotor plays an important role in the search for adequate sites 


for large windmills. 


Due to limited amount of experience the treatment of this 
question contains a considerable uncertainty. This applies both 
to the risks during normal operation (e.g. ice shed off) and to 
the occurence and progress of breakdowns. 

A detailed analysis of the mean time between failures for a 
typical windmill construction has been beyond the scope of this 
work. In the examples given, a value of 0.01 year has been 
used; this is the value assumed for the Nibe windmills. Like- 
wise there has not been suggested any specific level for the 
acceptable risk of damage on persons; this is ultimately a 


political question. 


The attempt of this work has been to calculate the probability 
by which a hurled object will impact within a given «rea as a 
function of the distance from the windmill, the tip speed of 


the rotor and the assumed drag coefficients. 


All calculations are based on a rotor diameter of 50 m, and a 


hub height of 50 m. 


2. SPECIFICATION OF THE PROBLEM 





In this work the term safety distance is defined as the least 
distance from a windmill to domestic and residential areas 
which guarantees a certain maximum frequency of damage to a 


residing person. 
In estimating the value R of the safety distance it is required 
to establish the values of the following terms: 


1) The accepted frequency ος of a residing person being 


affected by a hurled object. 


2) The probability s(r) that a hurled object affects a person 


residing in a fixed distance r from the windmill. 
3) The frequency h of an object being hurled from the rotor. 


a oe is due to a choice whereas it is possible to escimate 


the values of s(r} and h 


The value of is determined by the following conditions: 


hxs(r) 


hxs(r) 


7 
| x 
f ς e 
, 


3. TREATMENT OF THE PROBLEM 





The probability s(r) is estimated for each of the objects: 
- a whole wing 

the outer third of a wing 

a flake of ice 

a cube of ice 
AS 1t is seen, only objects hurled off the rotor is treated; 
the downfall of stationary parts is not considered, as it is 


beforehand assumed, that the safety distance in any case at 


least equals the total height of the windmill. 


3. 1 Assumed dimensions and speeds 





3.1.1 The rotor 


Hub height: 50 m 
Rotor radius: 25 m 


Total height: 75 m 


To investigate the influence of the rotational speed the follow- 


ing wing-tip speeds has been applied: 
m/s 
m/s 
m/s 
m/s 


It is observed, that each succesive speed marks a doubling of 


the centrifugal force on the wings. 


Two consequences of a breakdown are considered, namely the 


hurling oz one whole wing and the outer third of one wing 


respectively. 


Besides tnat, the shedding of ice from the wing tips during 


icing conditions is treated. 


Two shapes are considered, namely flakes and cubes. During the 
formation the ice layer more or less has the shape of a flake. 
However in shedding, these flakes might break into minor pieces, 


some of which have denser shapes. 


Dimensions: 











1/1 wing | 1/3 wing | flake of ice | cube of ice 





Length, m 25 





Mass, kg 





Area, m? 





Radius, m 





Mass to area 
ratio kg/m? 
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Table 3.1.1 





The area corresponds to the 


largest cross-section, while the 


radius corresponds to the centre of gravity, c.g. 


Corresponding to the observations at two Danish meteorological 


stations during a decade, the mean annual amount of icing on a 


Stationary surface is estimated to 5 mm/year. 


This is converted to a mean 


during operation of around 


600 ice flakes of 1 kg 
600 ice flakes of 0.875 
600 ice cubes of 0.125 


In the caiculations all the 


annual amount of icing on the wings 


1200 kg/year. distributed as: 


kg 
Kg 


ice flakes are treated equally, 


i.e. the considered distribution corresponds to: 





1200 ice flakes of 1 kg 
600 ice cubes of 0.125 kg. 


pact 


In the computations, the area around the windmill is divided 
into concentric circular rings, each having a width of 10 m 
For each circular ring (r, udi. d hi 10 m) the probability 

S(r,,r,) of impact by an actually hurled object is computed. 


The sum of all values S (r,,r,) ιν 


As basis an adult person in an arbitrary position is chosen. 
This yields a sphere with a radius of 1 m 
This sphere is supposed situated at a distance r from the 


windmill. 


It is now assumed that the person is affected by a hurled ob- 
ject, if the centre of gravity passes so closeby, that the 
furthest end may touch the sphere. I.e., if the distance from 
the trajectory of the c.g. to the centre of the sphere is 
less than (1+L) m , L being the distance from the c.g. to 
the furthest end. 


The corresponding area is: 


A = m*(1*L)? 


Values of 





OWO - Κεῖ KG Gr. 


The corresponding area on a horizontal surface is: 


& A 
V sinv , 
where v designates the impact angle. In the following 


set equal to the angle under which the hub is seen, i.e.: 











- Arctan(50/r) 


This yields the value: 





& a T+ (1+L) * 
V sin(Arctan(50/r)) 


Values of the ratio A ,/A at different distances r 
































flake of ice cube of ice 





.16 0.04 




















Table 3.1.2 





Table 3.1.3 





It is observed, that the impact area grows considerably with 
the distance. 

The probability of a residing person being affected by impact 
at a distance r from the rotor is found by dividing the 
quantity A, S (Gr, r.) by the area of the regarded circular 
ring. r being chosen as (xr tr,)/2 , this area is approxi- 


mately  20*T7*r , and the probability is found as: 


2 
A S (r4, r;) (1*L) 'S(r,,r,) 


s (r) = —33g-^rr - 20-r*sin(Arctan(50/r)) 








As far as the whole wing or the outer third of a wing is con- 
cerned, the object is assumed to slide, roll or Skip a further 
distance 2 away from the windmill. 


The ultimate probability is thus: 


(22+1+L)*(1+L) *S(r,,r,) 
20*r*sin(Arctan(50/r)) 





s (r) 
which is related to the distance r-*£ from the windmill. 
The value of 2 is set to: 


r/3 
25 m 


If a subject of a different extension (e.g. a building) is 


considered, it is necessary to adjust the computed values. 


3.2 Computational method 





The trajectory of the c.g. is computed ballistically from ini- 
tialvelocity, gravity and drag using the computer programme 


described in [1]. 


The equations of motion used in the programme has the form: 





R=- KK VR. + y+ τν) -α 





- Ky Vx? + 24 (2 = v) 





- "n . 2 . 2 E. 2 
K(2 - v,) Vš? + $? + (ἃ vu) 


where 


_ Area 
K = 4 Pair “D Mass 
height above ground level, y is distance from the windmill 


and w is the wind speed, x is 


in the direction of throw and z is the distance in direction 


^t the wind. 


given wind speed and position of the wing in question the 


;*5r2e between the windmill and the impact + further displace- 





ment is computed. 

This is performed for all combinations of operational wind 
Speeds and wind positions round the clock yielding the proba- 
bility distribution which expresses the probability, that a 
randomly hurled object will end up within a given circular 
ring. Multiplication with the probability that a residing 
person is affected here yields the sought probability of 


damage to persons. 


3.3 Assumptions 





Here it is tried to account for the assumptions and simplifi- 


cations used. 


In the case of icing it is assumed, that all the freezing 


rain, met by the wings will adhere and freeze. 


In the case of breakdown, only one object is assumed to be 
torn off and hurled. The possibility of e.g. all wings break- 


ing off is tnus disregarded. 


The probability of throw-off is considered to be equal for all 
angular positions cf the rotor. 


Thus the influence from the 


- gravitational force 
- wind gradient 


- gyro forces 


is neglected. 
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[Ory Expect for a minor area without interest in the vicinity of 


the windmill this angle is on the safe side in all cases. The 
Wing Or a part thereof has no position of equi- 


real impact angle is larger than stated here due to drag. 


ght, the possibility of gliding is disregarded. 
rregularities due to transitory lift in various 
|' neglected. 


' is computed from simple ballistics including 





kes or cubes of ice the drag coefficient Cy is 


in connection with the area A in table 3.1.1; 








umed to undergo a rapid, uniform rotation be- 
e and edgewise position. A cube will experience 


oximatel ] regardless of the position. n | | 
Y 3 P Cre F The additional displacement 


ger size the rotation of a wing or wing tip is 
plication of a constant drag coefficient with- rough estinate, 
rough investigation therefore seems dubious. 


n a wide span of values has been applied in the 
The field of operation is set tc 4 - 21 m/s. The distribution 
of wind speeds is taken from the measurements at 56 m height 


° 
--Ξ--- on the meteorolog. cal tower at Research Establisment RISØ. 


the impact area A perpendicular to the tra- 





sen according to the assumption, that the hur- 
11 undergo violent rotations at the impact and 


me any possible position here. 


physically possible, the assumption is con- Figs. 3.4.1 and 3.4.2 show the function s(r) for flakes and 


cubes of ice respectively. As mentioned earlier, the drag 


vative. 
coefficient is set to l in both cases. 
gle v As far as the flakes are concerned no influence of the rota- 
tional speed has been detected. Due to the low mass to area 
of an object hurled in vacuum is a parabola. | ratio (20 kg /m*) the flakes are almost immediately caught up 
jent is directed towards a point at double the and carried by the wind. 
' topmost point of the trajectory. On the contrary the rotational speed has a distinct influence 
v under which the hub is seen from the im- | on the part of the cubes, where the mass to area ratio is 
esponds to hurling in vacuum from the wing tip 50 kg/ J; 
osition. 
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TO find the total f equency of occurence of damage to persons 5. REFERENCES 
£ H for the objects in questions must Above 200 m the use of ice detectors plays no role. 
b 4 PV al S ( O ne o > D - ) 
the individual vaiues o b ái ii kb his ἡ E ος [1] Safety of wind energy conversion 
| | ' " Í | ass tj : the safet j^ ith acceptable frequencies of dam 
Figs. 3.4.3 and “q show s(r) for a whole wing (mass to be added together. With the assumptions that ἢ be P q age n... of 10 , 10 and Preliminary study 
area ratio = 65 kq/m“). Aqain a i h | ὶ . | speed is 140 m/s the dia- 10 er year, the values of safe ΒΕ are 260, 310 and 710 m | d 
g/m“) gain an obvious dependence of the stance exceeds 100 m and the tip spe | x P | Y Appendix B (side 123 - 128) 
rotational speed is seen together with an appreciable influ- qrammes can be simplified as suggested by the dotted lines. respectively. 
f ' ici | | | - sais > 
ence of the assumed draq coefficient. At known values of h the diagrammes can be combined in one FFA Report HU-2126 
| | | 4. CONCLUDING REMARKS 
Figs. 3.4.6 and 3.4.8 show s(r) for the outher third of a | single graph. 
wing with a mass to area ratio of 44 kg/m*. Here the influ- In judging the results stated in this report it is important | 12] Reactor safety study, WASH-1400, 
j United States atomic energy comm: 


tes ; Rid τοι ω ski : r) he i j in case : | à; ; 
ence of the assumed drag coefficient is very significant. Application of ice detectors which stop the windmii: i > to pay attention to the assumptions and the uncertainties 
: f cin ic Ick Të O > ^e lC va > | ñ. by a factor 
In figs. 3.4.3 and 3.4.8 the further displacement is included. pr 46160 L6 FOULUM TO S I cH a m — a 
of 100. | Especially the uncertainty as regards to the drag coefficient 


Figs. 3.4.9 and 3.4.10 show the trajectories at a tip speed ! 
1S very unsatisfactory as the latter might well prove to be 


. ° - Γ k 7 a : ‘ , . - . a S 2s 
of 100 m/s with various assumptions for the drag coefficient Fig. 3.5.1. shows a combined diagram with the following - 
for a whole wing and the outer third of a wing respectively. | sumptions: the decisive term in the calculation of safety distance. 

| 1200 ut It is therefore deemed necessarry to carry out a more pre- 
) yea 


1 


600 year | computation of the rotations. It would be necessary to sup- 


in all cases the longest trajectory is shown. ca: Without ice detector ‘flakes l 
riakes cise dynamical analysis of the flight including a thorough 


Figs. 3.4.11 shows the maximum horizontal throw as a function nouis 

ICs 

of Ca: Especially for the outer third of a wing the distance | | plement the analysis with experiments in an adequate scale. 
With ice aetector 


increases considerably as the assumed value of Ch is decrea- ‘flakes 
Other factors of importance are the frequency h of 


sed. h breakdown 
cubes K breakdown and the choice of Wann 


From the above it lS seen that the assumed value of C has a 
7 — ' ^" ms ` e e ] ° LOI O h ] S sj 
i I — 100 m/s, C | Th stimati 1 f ] ] ] requires a detailed analysis of 


decisive influence on the distance of flight especially for ; TIP D 
the windmill construction in question. However it should be 
2 


the outer third of a wing. 2 η 
Wing and wing tip ; possible to abtain far lower values than the 10 per year 
applied in the example. 


As no evidence has been found against it, a flight with siow m ü h dan r 
V - 4U N/S; lé - 
TIP D 
| The choice of H, is ultimately a political one. In [2] some 


rotation and low drag has been considered possible. There- 
CC 


The diagram is drawn for r 100 m | | | | 
american investigations on the subject are mentioned. To judge 
4 6 


fore an average drag coefficient as low as 0.1 cannot be 


dominant risk factor up to 200 m is by this a value of 10 - 10. per year might be expected. 


disregarded without further investigations. It is observed that the 
4 


impact of ice. According to the conclusions stated here values between 10 
6 


i ° ͵ - , ; "-1cl ` c 126 > ) 1 =" Y 1 γ᾽ - ° 
3.5. Application Between 200 m and 260 m the risk is determined by hurling of | and 10 per year might turn out to be acceptable. 


a whole wind. 





The probability s(r) of damage to persons read from figs. 


3.4.1. and 3.4.8. refers to an actually hurled object. Above 260 m the only possible cause of damage is nurling of 


In order to arrive at an expected frequency of damage to the outer third of a wing. 
use ) 1 
i i f reque of αὖ - wi | 
I.e. the value of s(r) is multiplied by the equency . ced from approximatejy 10 to 10 per year within 200 m from 


persons H the procedure stated in chapter 2 is applied. i £ ice detectors the frequency af damage can be redu- 
‘ ] J 


occurence of an object beeing thrown off. pem: 
he windadmi ° 


N 









In the caiculations all the ice flakes are treated equally, 





rom the wing tips during 


e shedding o 
i.e. the considered distribution corresponds to: 






Besides tnat, 
icing conditions is treated. 









71 





70 






Fig. 3.4.4. 








Fig. 3.4.3. 





s(r) for a whole wing , C 0.5 







s(r) for a whole wing D 

















for ice flakes 
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for cubes of ice 
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systems (WECS) 


ission, Aug.1974. 



















































































between the windmill and the impact + further displace- 
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Fig. 3.4.5. Fig. 3.4.6. | Fig. 3.4.7. 
s(r) for a whole wing: C, = 0.1 s(r) for outer third of a wing, 


CH= 1.0 
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Fig. 3.4. 8. 





s(r) for outer third of a wing, C, = 0.5 s(r) for outer third of a wing, c 


p 0.1 





200 m/s 


346,9. 


Fig. 
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| with ice detector h 
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Combined diagram, H 


without ice detector 
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DESIGN PROVISIONS FOR 


WIND ENERGY SYSTEMS 


LIGHTNING PROTECTION Z 


D. Jaeger 


IND EMC 





Introduction 





Due to their height and place of location (flat, level terrain), 
wind energy systems can be prone to great danger of being struck 


by lightning. 


This danger is two-fold: 

a) Destruction of important mechanical parts, e.g. of the rotor 
blades 

b) Interference with or damage of the electrical System/ 


electronics. 


In addition, electromagnetic compatibility (EMC) aspects must be 


taken into account. 


The following must be ensured: 

a) The compatibility of all equipment installed in the wind 
energy system ("internal compatibility") 

b) Compatibility with the electromagnetic environment ("external 


compatibility") 
This paper is designed to give a survey of the danger anticipated 


due to lightning strokes and EMC, of possible solutions and of how 


they can be realized. 


Surveyof a wind energy system from the aspects of lightning 





protection and EMC examplified by MBB's wind energy system 





The basic structure is illustrated in Fig.l. Basically, the system 
comprises the actual wind energy generator, three containers and 


the tower with the wind sensors. 


The wind generator is composed of the rotor blade, the nacelle 
and the tower. The rotor blade is made of modern materials 
such as CFC and GFC. Extremely susceptible sensors and electronic 


'easuring equipment are integrated. 
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The nacelle is made of steel plate. It accomodates the actual 


electrical ge^erator as well as extremely susceptible control 


and regulating equipment. 


Mainly cable installations and auxiliary equipment are located 


in the tower (e.g. lift). 


The three containers are set up nearby. They consist of iron 
frames clad with aluminium. One container each includes the 
measuring electronics, the control and regulating electrcnics 
and the power current electrical system. 

Sensors to determine important wind parameters are located in 


the other tower. 


The following provide connections between the individual sub- 


Systems: 


a) High power current lines, control and measuring lines 
between the wind generator and the containers 
b) Low voltage current and measuring lines between containers 


and tower with wind sensors. 


Electromagnetic risk to wind energy systems due to 





thunderstorms 





Electrical parameters 





A survey is given in Fig.2. 


The following may be expected: 


a) Extremely high electrical field strength: 
The amplitudes may reach up to some lOO KV/m in the case of 
near-by or direct hits (still approx. 1 KV/m 15 km from the 
storm cell accord. to (1)). 


Since protecting measures are relatively simple, however, 


(Section 5.3.1), a more detailed explanation of the electri- 


cal parameter is dispensed with. 





Lightning strokes: 
Due to the concentration of electrical energy and the 
difficulty involved in protection measures, lightning 


strokes represent the actual problem. 


Description of lightning 





The danger due to lightning strokes depends on the probability 
of a hit as well as of the lightning parameters to be expected 


in the case of a hit. 


A) 


This depends on: 


a) the thunderstorm frequency in the area of installation, 
expressed by the hit probability a per year per square 


km (average value approx. 2.5 for North Germany). 


the height h of the system 
The following applies to heights below 8 - 100 m accord. 
to (2) 


n^a*h (16O-h): T 1074 


whereby 


= hit probability per year in % 
hit probability per year per square km 


h height in m. 
Thus curve I in Fig.3 results for a = 2.5 (North Germany). 


As of a height of approx. 100 m, the triggering effect 
accord. to (2) occurs, which ieads to the fact that objects 
about 15ο m in height are already struck by lightning some 


10 times annually. 








10 Ë | -— 
1^n 200 300 m 
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All in all, curve II applies approximately to the hit 
probability per year for a single wind energy system. In 
the case of a series, the probability increases linearly 


with the number. 


B) Anticipated lightning parameters 


The most diverse forms of lightning may occur in the case 
of a hit, for instance the relatively wide positive earth 
lightning stroke, the negative earth stroke consisting 
sometimes of up to over twenty small successive single 
pulses, etc. As far as lightning protection is concerned, 
it has proved sufficient to describe lightning by the 


following parameters: 


a) the peak current in [ka] 

b) the rise in [kA/u sec] 

c) the action integral (1? at in Ja? sec] 
d) the charge in [c ] 


All parameters are expressed by probability distributions. 
Fig. 4 gives an idea of which values can be expected 


(derived from (3)). 


9 


Survey of the effects of lightning 





This is illustrated in Fig.5. 
Basically, a differentiation may be made between mechanical and 
electrical effects. The following mechanical effects, for 


instance, may occur: 


a) destruction of important parts, e.g. of the rotor blade 
b) melting of bearings 

c) bending of rods, metal rims 

d) material erosion 


e, etc. 
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In particular |I?dt can be considered as the cause of cases 

a) and b), which, multiplied by the resistance, gives the 
local conversion of the electrical energy to heat. It is above 
all magnetic forces which play a part in case c) (proportional 
to the peak current), in the case of d) the charge ana frat 


are of interest. 


The electrical effects may comprise a (temporary) interference 


or (permanent) damage of electrical system/electronics. 


They may be caused by: 


a) direct effect of the high magnetic fields occurring in the 


case of a stroke of lightning (Fig.6) 


voltage peaks on lines due to 

- inductive couplings into cables (high magnetic fields) 
galvanic couplings (poor grounding concept) 
flash-overs (poor electric isolation). 


The rise dI/dt and the peak current b aas are particularly 


responsible for these effects. 


The electrical aspect of lightning protection is gaining in- 
creasingly in importance. This is due on the one hand to the 
fact that modern systems, including wind energy Systems, are 
increasingly dependent on satisfactorily functioning electronics. 
On the other hand, modern electrical components have become more 


and more susceptible, as shown in Fig.7. 


The destruction of diverse components in comparison with the 
energy of the lightning is illustrated. It is shown that the 
transistor, for instance, is about 1000 times more susceptible 
than the tubes and the IC, about 10 times more susceptible 
than the transistor. Utilizing the advartages inherent in 
modern components must therefore be balanced by increased 


expenditure for lightning protection. 





87 


Problems relating to Electromagnetic Compatibility 





in the case of wind energy systems 





Task of EMC 





A great deal of equipment is concentrated in modern wind energy 
systems over a small area which on the one hand generates or 
processes, respectively, very high electrical powers, but which 
on the other hand must be capable of receiving even the smallest 
electrical signals without any interference at all. 

Furthermore, the systems may be located in an environment which 
is "contaminated" electromagneticallly by radio transmitters, 
radar equipment, etc. It is the task of EMC to ensure inter- 


ference-free functioning. in all circumstances. 


Internal EMC 





Fig.8 provides a survey of the problems connected with "internal 
EMC". A possible interference source (e.g. power converter, 
voltage transformer for emergency power supply) and a perhaps 
susceptible unit (regulator, computer unit, etc.) are represented. 
Both units are connected to each other galvanically (grounding 
concept!), inductively and capacitatively (cabling and shielding 
concept!) as well as electromagnetically (RF radiation). 

The compatibility must be ensured by limiting tne interference 

on the one hand, requiring a certain non-susceptibility on the 


other hand and optimum design of the "interfaces", 


External EMC 





Compatibility with the environment must be ensured. These 


activities can be limited in the case of the wind energy systems 


to: 
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Ensuring functioning in a certain RF environment. Fig.9 
shows as a function of the distance which field strengths 
can be expected from typical RF sources. 

Approx. 1 V/m can be assumed (depending on the type of 
equipment) as a guiding vaiuc for the susceptibility of 
equipment which is not especially protected. 

It can be seen that either protective measures are 
necessary or that installation restrictions for the systems 


must be the case. 


Checking the interfaces to the public mains system. 
In this case voltage peaks are of importance which may 


enter or leave the system or public mains system. 


Protective measures with 





lightning protection and EMC 





General 





The preceding remarks have shown that wind energy systems are 
jeopardized by lightning strokes. This is especially true of 
very high systems. Lightning protection must be envisaged for 
small systems too, however. Although each individual system is 
less subject to being hit, they will probably be built in larger 
quantities, meaning that more frequent hits must be anticipated 
for this model. Since it is extremely difficult to implement 
lightning protection measures subsequently, such measures are 
already envisagea for wind energy systems during the develop- 
ment phase. 

A certain minimum must furthermore be ensured with respect to 
electromagnetic radiation from outside (radio transmitters, 
radar equipment, etc.) in order to avoid too many restrictions 
at the site of installation of the systems. 

A basic differentiation can be made between protective measures 
to prevent mechanical damage and such to prevent interference 


with or damage of the electrical system/electronics. 





k Α Αα. 


900 1000 
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Protection against mechanical destruction as 





examplified by the MBB systems 





In general, appropriate protective measures are absolutely 
indispensable, in particular when, as with the MBB systems, 
the advantages of modern CFC construction are to be utilized. 
This is a low-weight, high-strength material. Unfortunately 
it also features slight electrical conductivity, which is 
sufficient to "attract" lightning via field concentrations, 


but which is not enough to withstand lightning undamaged. 


One problem when dimensioning the protective measures is which 
electrical parameter to take as a basis. 

As shown by Fig.4, important lightning parameters are subject 
to extreme dispersions in the case of a hit. Since expenditure 
for lightning protection is not related linearly to the size 
of the parameter - costs accrue simply due to undertaking 


something - standard light 


ing as indicated in Fig.lO was taken 
jh 


n 
as a basis tor mechanical lightning protection for the MBB 


Systems. This is synthetic lightning from (4), in compliance 
with which-the protective measures for modern plastic aircraft 


are designed. More than 93 % of all risk are covered thereby. 


The zones of the direct hit are of the greatest importance for 
lightning protection. These zones are determined in aircraft 
construction by means of extensive investigations. As far as 
wind energy systems are concerned, it can be said that lightning 
will almost certainly always hit the rotor blade. The blade tip 
1s particularly endangered. The tower with the wind sensors can 
also be subject to a certain degree of danger. Lightning will 


almost never strike the containers. 


Fig.ll provides a survey of the protective measures envisaged 
for the rotor blade. 

The particularly endangered tip is coated with aluminium about 
14 mm thick. As Fig.l2 shows, a thinner material would be re- 
moved relatively soon due to lightning strokes. Furthermore, 


the blade tip is exchangeable. 
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ing current is conducted through metal rims (Al) with 
of 50 mm? . Thus a sheet thickness of O,5 mm is con- 


be adequate. 


ing problem is also of importance: 

J stroke is relatively stable in the case of a hit. 

- according to Fig.lO up to l sec, that is, the rotor 
zes under the stroke, meaning that zones of the blade 
contact with the lightning which are not exposed to a 
. However, these amplitudes are weaker. Primarily the 
lge of the rotor blade will be affected, which in this 
dimensioned adequately. If the blade is inclined 

the part under the blade tip may also be endangered. 
third of the rotor blade was therefore clad with 

nesh (approx. 200 g/m*, as known from measurements 


t programmes). 


> previously described protective measures, the CFC 
sed for the rotor blade still appears inadequately 

An insulating plastic layer (GFC) lies between the 

> aluminium edge. When struck by lightning, a voltage 
) KV builds up between the metal, which can lead to 
Id flash-overs (Fig.13). In certain circumstances the 
.ocal current concentration may damage the CFC. Since 
isulation is absolutely impossible, the CFC is 

ipprox. every 50 cm with the metal edge. Current load 


y low. 


blems are anticipated with respect to conductence of 

ng current from the bearings. Bearings which do not 

cute a full revolution are bridged by bonding strips, 

y sliprings. The rotor bearing is especially 

already slight damage can have a great effect, due 
number of revolutions per minute and the long 

e. The cross sections for the sliprings are deter- 

sts carried out together with the Army University in 

The lightning current is further conducted additionally 

el tower and a foundation earth electrode accord. to 


a). 








3.3.44 
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Electrical protective measures 





Survey of the protective measures 





Fig. 7 has already shown that not enough importance can be 
attached to the electrical aspect of lightning protection. 
This applies particularly if the advantages inherent in 


modern electronics are to be exploi-ed here, too. 


Fig. 14 gives a survey of the interferences which act. The 
following shall be taken into account in the case of inter- 


ference signals coming from outside: 


the electrical fields occuring in connec 
storms 


the magneti -lelds occuring 1 connection with lightning 


Ly (during lightning 
conductance] 
the external high-frequency sourc EMC) 
the interferences coupled g l ly into and out of the 


system (voltage peaks). 


Interfaces to the 
conductors are 


sufficient. 


All other electrical parameters are coupled into theo system 


via the structure. F applies to coupling in of the fields 
and the electromagnetic radiation for metal strucures. This 


Virtually means that 


the electrical fields are already relatively well shielded 
due to thin metal structures 

the magnetic fields represent tne major problem, especially 
in the low frequency rang 


coupling in RF radiation from the environment depends on 


the apertures available (number and size). 


